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(54) METHOD FOR PRODUCING SINGLE CRYSTAL OF MULTI-ELEMENT OXIDE CONTAINING BISMUTH AS CONSTITUTING ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a means for producing an oxide single crystal by which 
the oxide single crystal having excellent crystallinity can be produced regardless of a 
manufacturing method when a multi-element oxide single crystal containing Bi as a constituting 
element such as expressed by formula: (Bi202)Am-1Bm03m+1 (wherein A represents Sr, Ba, 
Ca, Bi or the like, and B represents Ti, Ta or Nb) is produced. 

SOLUTION: In the method for producing the multi-element oxide single crystal, a flux 
consisting of a composition satisfying, in a molar ratio, 0<CuO/Bi2O3<2 and 0<TiO/Bi2O3<7/6 
is deposited on a substrate, and then a single crystal thin film is deposited on the substrate via 
the flux deposition layer. Alternatively, a melt consisting of a composition which includes a raw 
material and a flux and has the above molar ratios is prepared, and the melt is cooled to 

thereby grow a single crystal. Alternatively, a flux consisting of CuO is deposited on a / / EhiX:^uO*i 

substrate, and then Bi6Ti3012 to Bi8Ti3012 which contains excess Bi as compared with the 
composition of the objective film is deposited to thereby supply Bi-Ti-O to the flux deposition 
layer and form a single crystal of Bi4Ti3012 on the substrate. 
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^SSltbT, 1500°C £ T*±tf tl5 ftiBM*?, Bfik77-;i'X*An%ftftOa 
4«*4ffilt«, B3K*tJ:^t, 6 £ * JA 1 lr±k*J**l«< , fc*>fc7 , jl/5-*-ttf«l 
2©#f<:An, r^O*«flti7^5tii)l 3Tfii63o & it ft W *§ £ W « £ ffi ^ k 7 7 
v $ x * £ t & % m-a t^m tfLlt. tt * ;u t£ T 0 < C u O/B i 2 O 3 < 2 , 0 ^ T i O / B i 
2 0 3 <7/6tS:5±^t§. tftt»^, *3II,j£fi^$6&£0tC> ; &/l'i££:O<CuO/ 
B i ! 0 3 <2, 0^TiO/Bi 2 O 3 <7/6(c-Ti)o 
[ 0 0 4 1 ] 

C©H*4+77"y7Xl 4 6 itf 1 I icXtiT , WfS. IP T* 1250°C £ T? j&D M "T S „ 12 
50TCtta«l«ffi T B i 4 T i , O , , M 1* L U * * ffl* fc L T *Hr * tl T ^ * » C 

12B#Fb3*3& L. <fc^T*. **)3°C/hour^ & 12X1 /hour© ti> o < 19 k b fclfe^aif 3 
0 ft * if , 900°C $ T- 1 20B# llllfrttTfc^tetfiSbTgWOlSJI**^*^ S B B B ?:W« 

©777 nst'tie B B B ^fiJtftit777 ntfasLt^i. Q^mmfHicmm 

*H©K©iS?S%a^T'777 7 X & J* 33 A ILT, ***6lR0ajt, 7 7 y * 
^tfigttSi/^^ti, ttt J* % fco Jfe r 3 c k k <fc o T 7 7 y f x tl A s Eil K tc ?§ » , m & B B B ffi 
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[ m m m ] 

-[0042] 

b i 4 T i 3 o ! 2 &mwttmm* mn o ^ 7, ^ - v - mmm z m ^ r mm v k <, y -? v 
^7,m^mm-r^tcib<D^it^omm<onm(o^o^-^^hti,Tit, b i :t 1=2:1 

fca«tiJ«JtOiB*»*i: C u 0»*©««# (Bi 2 0 3 :Ti0 2 : Cu0=27 : 27 : 2) * ffl <^ fc . * 
fc, B i 4 T i 3 0 12 3&8§W#«llt*f3iK-r % * - y -V b t L T tt, Bi 2 0 3 ^ T i O 2 <D 

V fc o 

C y°;°XU-*f-*tW*«*ffl^T. Sfi IT, S r T i O 3 O00>* 

;l/ X U - if — T' B i 2 T i 0 ,%0.9niiO»JI 5 * ^ tSfilKfSS*, * — ^ -y h 
^CuOtl^, CuO*0.1n«Ol»t4«J:?K*l?tfe„ C tl % 1 A IB fc L , *t 

ft : M^fi : 500°C, mm#E ■ 70Pa. KrFx^~>v : tB 731.8 J/cm 2 , HS^l 

0 Hzo 

4 »Lie fc u, a«ja**io»-p7oo ; c*T?±Wfeo ht, 7001c tmo#ib« 

JTL fc <, 
[ 0 0 4 5 ] 

IHjgHT, B i 4 T i , O 12 fflfig© * -y? h^rffioT. TEO*fttJ: 0 77 7 
^XlltB i 4 T i 3 0 n ||^«9L o 500nmT*fc o fc 0 SrllO* 

ft ; tiffing : 8 nm /*K *tSH$H : 604K S«iSfi : 700 °C , M^J± : 70Pa. KrFx 
4^ - : tU73l.8 J /cm 2 , JSM&10 Hz 
[ 0 0 4 6 ] 

ftS L fc c MEfilO B i 4 T i 3 0 , z »«fc^T AFMtc J: * *ffi * 7 * a 3? - © , X 
RDK «fe S*gJH!fc<DWfilli*fT o fc £ - 3. ® 4 Cfi) KX+XSK* AFITtt*ti«fOc 

TfTSTf* fee $fc B5K*tJ:5fc, XRDT? 14 -* W ft PLD^it T? ff« L 
<fc t> (0014) If — Z <D ¥ fit m 148*'' £ 0. 076i: ff- M l£ 1*1 ± b T V fc » 

J±«0l 1 
[ 0 0 4 7 ] 

iI«HD77 7 ^7l^tllJ^lic?0^-y'V H-B i 4 T i , O , 2 & ffl ^ fc . CI 
0*-»tt C u O 7 7 -y * XgcDJP2 f±20nmT- o fc 0 * © fl& tt * 01 1 fc 

IHlC^ftT? B i 4 T i 3 0 12 »K%ftiabfco 77^X|fcTitCu«ift^ft*C, H 
4 ( £ ) RO'B5titJ;?i:, IgfitetfSU" 
H SiS 0J 2 
[ 0 0 4 8 ] 

lSc77-^X©^SOi«*^ * ;b T? B i 2 0 3 : T i O z : CuO=l 0 : 3 . 

a4fetB«(35«iu--rx)»c»*xtifc. coa4*i*7*st*ioticAti, _o©m 

H * 7 /I/ 5 7" (O T* S * fc c 
[ 0 0 4 9 ] 

«^jptcAni 250 o CST4B#HTAP^L, l250°CTl2B#HgSfcgLfc o * L T , 900°C * T* 
120Bf Hfrtt T < 0 fciBSfcTtffco HI, QOOTC*^ 6«4 6B»IBT?*ia*T»*«:T 

fc o * @ n it y 5 -v * x t a *> n , a^»«a»6«n*v©T, mtaffii/T, 7 
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=7 v V 7. *B * J§ if b fc o 
[ 0 0 5 0 ] _ 

T ^ * © fc Rl C fit © * * * ( » 1 cm > © '< ;b * * *S H % W f § C fc T' # fc o 
Jt IS 01 2 

[ 0 0 5 1 ] 

• SlKKiZiD B i 2 0,I*'#< C uO*^$4^B i 2 0 3 : T i O 2 = 1 1 : 3 <D ^ ;b 

^ A ti, *>< Kg - fc g * * ? k ufc, i^-^*e^Tfr6, a^m^(35Bi-y--YX) 

o 

[ 0 0 5 2 ] 

*«JP»cXni2501CST'4*IHTfftll»L, 12501C TM 2B*IB tt« L fc . ^LT. 900°C £ "P 

l20WIBfr#Ttf>o < t> fcffl**T«f fc« ^U, 900iC*» 6tt6nsiH-esa* t?ta**T 
7 -5 y * X ffl £ ?§ L . # «S H * ffl fc o 

[ 0 0 5 3 ] ^ 

El 6 (£) fcs #e,nfc^^^o#*a B B B ^^M»«<om*^^ ; &iaffi^ffi©^*^ : A^ 

K) 1 cm) (O /< to * * *S Hi * W fi!c f * C t if T * fc o 
H ft 0J 3 
[ 0 0 5 4 ] 

B i 4 T i 3 0 12 PS^»Bi ; &il«©^^^^-^-*S«^ ;& ffl^ T ^ 3tLfto B i 4 T 

i 3 o lt &&n#.nm* mm* b t vritnmm 1 fcraut»o*ffl^fe. c u 

07-7-;'*XCDtiiit<D&<Z>* — y h C u 0 * <9 ffl ^ fc ° ISiSfi • 800°C 

g?#S#]E : 800Pa, KrFx * 1/ v U - If' - : ffi77l.8 J/cm\ jgljfiftlO BzO^ftTB i 2 
T i O I .*ilJ»20n«T?««±fc->- Kit LT«?tf: S r T i 0 , ( 1 00) * » fit L T 
ffl <^ fc o 

[ 0 0 5 5 ] • 

^-HHT, CuO**-yyhfcbTfflVT, »*rSJS: 800°C , : 800 

Pa. KrFX^^V U - If - : W 77 1 . 8 J/cm 2 . Jli&fUO HzO * fF T? 2/ - F fl ± fc C u 0 * 
P/P20nmtitl * tirfco 

C 0 0 5 6 ] 

m-Xmt LT> B i 6 T ^0,810*-^'? h £«-pT, ISMS : 800 C, &S?S 
.»JI : 800Pa. KrFx * is V U - ¥ - : fcU # 1 - 8 J/cm 2 . ««»10 Hz, *f«8« : 8 nm /# 

mrn^rs ■ 6o# ©ifft*c u 0777niJ:(i:i*ttai>ft. b i 4 t i 3 0 , 2 £B i£ «fc 

OtilPJCB i CUi C u O - B i 0077yn!:lTfi58l ( \ & ffi fc #T Hi "f 3 o ttl 
t j; 5 B i 4 T i jOuSffiJb^^^nft. 300nmT & o fc = Bi 4 Ti 3 0 12 

j»B©jRasiBte»-3fc75y*^.*5Vol%©HCl»«*ffl^T2»IBia**i!fc»bTllftS 

L fc o » 6 ft fc 3? M (i » 5 * a > © A * ^9 U f > % *> ^ B i 4 T i , O , 2 O * *S B B B K T' 

O fco 

[ 0 0 5 7 ] 

Cu0 ©77^ ^X*ffifflL**t>.feffiHillili« 1 fcliC*ftT'I*««l/fe„ H_7 fc 
^ftW3 ( * ) RO"i±$£0J3 (£) T'illfcB ij i 3 0niIiB© AFH# * 3> f 
0 Cu0757^*«ffll4^B7 (7x) T't±, Xr7 7ll*^0 

f-rXD7---> 3 V*Hl^<ffiS^^^o -7:- CuO77V^X^r«fflbfc07 ( ) 

T- a , f^^n^-i/gyjiissnf, it n b (ss^vft) fc ^ t > is =? u ^ ^ 
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T¥f4II*fi 3 £ t tf-V tco C OAFMOS«tiTEMR»T t> tt IE T * , H 8 (±) K 
*t itfSM 3 t'i ?> n « X r 7 ^Ifi^ c. O f ^ X d - y a V (i , 0 8 ( T ) ic^tm 

-M. M 3 T* It & < -r c ktfTSfto 
[ 0 0 5 8 ] 

[ 0 0 5 9 ] 

[0 1] *«W<D»36^ffitefe^T, iIi«Ol^<077 7*XXIi^*^ 

*Sil«ifi©«£©IK# i: 7 ^ >y * X * ■& t> fc ffi JSE o B i 2 0 3 -C uO-T i 0 IS 3 tl 36 

[02] n m m i & tf it © 00 1 t m ^ it * a> x ^ - *r - m a & © s s <o m es 0 t* %> % 0 

[03] m Sfi 011 2 & tf J± $5 01 2 ic m ^ tz 7 5 y * x ffi © g B o ft m§ 0 T* <& 3 . 

[04] H 0IJ 1 Cfe ) R tf J± « 00 1 ( £ ) ?> AFMfc <fc § ft ffi ^ 7 * d *J - <D ffi. ftg * * ^ 

[05] n 0i i r xs it « m i © xrd a * - y <d tt m m c ± : 20-9. t (ooint: 0 - * 

[06] gSflStW2C&)Rtfifc«0iJ2 ( £ ) © Jg Ifi H, co n m & « © m & j£ * =fe 7* f 0 B « ffl 

^ ^ "||} ^ Jg^ 

[07r^SS0'J°3 (£) RtfJt«093 (£) ©JfH8ft»«©^»I»ttO«*»S***^H 
ffittfEAFM^STfc &o 

[0 8] HS&S0IJ3 (T) Rtftt«{H3 (±) ©]ii»&»Bi<E>fl-«}&tt©*ii!ft*6**7*-rEI 
[01] [03] 

14 JS*4 + 77'>->X 





BiiO*: TiCh = 11:3 Bb0 5 :Ti0 2 :CuO =10:3:1 
(mol ratio) 
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